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S u m m a ry . Geological in terpre tation  of analythical d a ta , studies of radiocarbon 
ages and stab le  isotopiccompositions of carbon and oxygen in th e  carbonate  deposits 
from Vilnius environs helps to solve problems of chronology, clim atic conditions of 
sed im entation  and genesis of the Late Glacial and Holocene carbonate  sedim ents 
and  so on.

IN T E R P R E T A C J A  D A N Y C H  R A D IO W Ę G L O W Y C H  I S K Ł A D U  
IZ O T O P O W E G O  O S A D Ó W  W Ę G L A N O W Y C H  Z R E J O N U  W IL N A  N A  
L IT W IE

S tresz c z e n ie . W  rejonie W ilna spotkać m ożna zróżnicowane genetycznie, roz
proszone osady węglanowe. Pom iarom  składu izotopowego węgla i tlenu  oraz d a to 
w aniem  radiowęglowym poddano dwa typy osadów: m artw ice w apienne i węglany 
cem entu jące zlepieńce.

T he L ate Q uaternary  chemogenic carbonates of different genesis are w idespread in 
V ilnius environs. T he radiocarbon age and isotopic composition has been stud ied  by us 
of two following varieties of these carbonaceous deposits:

1. lacustrine carbonaceous tuffs, occuring on terraces of Green Lakes (Zalieji eżerai): 
K ryżiuociai lake and

2. carbonate , cem ent of conglom erates in deposits of the 3-rd terrace above th e  flood 
plane of river Neris in Lazdynai meander.

Geological and  radiocarbon age of th is terrace -  Bolling-M iddle Dryas. T he obtained  
resu lts a re  given in the table 1.
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T able 1
R adiocarbon age and content of isotopes 13C and 180  of carbonates from V ilnius 
____________________________________environs

No. Sam ple, No D epth  of 
occurrence, m

Laboratory
No

Age, years 
ago

,3C (% o )
(PD B )

180 ( % o )
(SM OW )

C onglom erates
Gudeliai

1. G u 5/93 1.76-1.80 Gd-7468 13480 ±  70 -5.7 21.7
2. Gu 4 /93 3.31-3.36 Gd-7469 9380 ±  70 - 7.0 21.7

Lazdynai
3. La 3/93 0.70-0.75 Gd-7472 10230 ±  60 - 7.0 22.0
4. La 2/93 1.10-1.15 Gd-7470 9400 ±  60 - 8.4 22.5
5. La 1/93 1.84-1.86 Gd-7467 7840 ±  40 - 7.8 22.4

L acustrine Tufa
Green Lakes (Zalieji Ezerai)
U pper terrace

6. Zal.ez.5/93 0.75-0.80 Gd-10060 8590 ±130 +  0.7 26.7
7. Zal.ez.4 /93 0.95-1.00 +  0.5 26.9
8. Z al.ez.3/93 1.20-1.25 Gd-10057 10320±110
9. Zal.ez.2 /93 1.40-1.45 Gd-10062 10720±150 +  0.1 27.0

10. Z al.ez.1/93 1.65-1.70 Gd- 7463 9950± 60 - 0.2 27.2

M iddle terrace
11. Zal.ez.9 /93 0.45-0.50 Gd-9228 9360±200 - 0.8 24.7

12. Zal.ez.8 /93 0.60-0.64 Gd-10063 11030+150 - 1.5 24.4
13. Z al.ez.7/93 0.69-0.72 - 1.4 23.8
14. Zal.ez.6 /93 0.75-0.78 Gd-7465 11450± 70 - 1.8 23.0

Lower terrace

15. Z al.ez.12/93 0.45-0.50 Gd-10066 6640±120 +  1.7 28.1
16. Z al.ez.11/93 0.67-0.70 Gd-10064 7360±120 +  1.3 27.6

17. Zal.ez. 10/93 0.75-0.80 Gd- 7466 7650± 70 +1.9 28.0

T he  G reen Lakes (Zalieji ezerai) are located in th e  basin of river Riese, w hich falls into 
river N eris som e kilom eters above th e  Vilnius city. This group of lakes includes K ryziuociai, 
G ulb inai, M azieji G ulbinai, R aistelis, Baraukos Akis and Akis lakes. We have stud ied  th e  
fresh w ater carbonate  tu fa  from  th e  Kryzuociai lake. T he tu fa  arc spread a t therm okarst 
subsidence levels of pen insu la  in th e  sou th -eastern  part, of lake (fig. 1).
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Fig. 1. Sections of carbonate  tuffs on terraces of Kryziuociai Lake with result of inves
tigations: 1-soil, 2-chemogenic. carbonates, 3 -p ea t, 4 -sand and gravel, 5 illuvial 
horizon, 6-diagonal stratification, 7-pebblc coble conglom erate w ith carbonate  
cem entation , 8 -num ber of sam ple

Rys. 1. P rzekrój terrasy jeziora Kryziuociai zawierającej osady węglanowe (wraz; z w yni
kami badań); 1 -  gleba, 2 -  węglany chomogeniczne, 3 -  torf, 4 -  piaski i żwiry, 
5 -  poziom  iluwium. 6 -  zlepieńce złożone z otoczaków z cem entem  węglanowym
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Form ing of lacustrine calcareous deposits lias depended on relief, i.e. on morphology 
of lake basin (B artosh , 1976). T he groove of the Zalieji lake occur in th e  m arginal zone of 
th e  las t g laciation. T he m onticu late-m orain ic  belt of lakes is distinguished by extrem ely  
in trica te  glacial relief and variability of form ing m aterial. C oarse-grained  m ateria l of 
frontal -m oraiilic deposits and sandy-gravel fluvioglacial deposits a rc  perm eable horizons, 
which favour underground w ater flow and washing ou t of carbonates.

A ccum ulation of the loose, pelitom orphic mass of calcium carbonate  has occurred  ow
ing to  b rought carbonates by springs waters and prec ip ita ted  in the lacustrine  basin. 
Deposition of calcareous sedim ent has occurred, mainly, in foreshore p a rt of the lake, in 
m arginal parts  of bo ttom  slopes and in its deep part too.

T he  investigated lake Kryziuociai is in th e  m atu re  phase. Zalieji lakes are located in 
two fluvioglacial rills, elongated in NW  - SE direction. The ba-sin of K ryziuociai lake is 
located  in the glacial groove.

T erraces of th e  Zalieji lakes have been studied by A. S tanaitis (1963) and bound up 
w ith terraces of the  rivers N cris and Ricse. He has a ttrib u ted  th e  terrace , stud ied  by us, 
to  th e  lower terrace  of therm okarst subsidence. I t has rem ained in the sou th-eastern  part 
of th e  K ryziuociai lake, where we have studied the carbonaceous tuffs. In th is way, the 
stud ied  terraces levels are a ttr ib u ted  to  th e  areas of therm okarst subsidence, which at 
p resen t are  found from  3 to  10 m  above the w ater-level of the lake. T he te rrace  areas are 
rough, narrow  and indistinct. The thickness of carbonate deposits reaches up to  4 m .

T he  deposits are characterized by relative, purity  and homogeneous com position. The 
fresh w ater calcareous earth  (aim) is represented by fine-grained pelitom orphic, flour-like, 
c rvp tocry sta lline  m ass of calcitc aggregates of 0.5-0.05 m m  in size. R are sm all shells of 
molluscs arc found too. T he tex tu re  -  fine-horizonlally layered. T he con ten t of C a C O z  
exceeds 90%, reaching up  to  95-97%. Sometimes deposits are polluted by m ineral and 
organogenous adm ix tures. T he content of C aCO z  in th e  vertical section of carbonate  

deposits of the K ryziuociai lake varies from 54.05 to 96.25%.
T h e  m ost ancien t (A lleroed-Late Dryas) age of lacustrine carbonates is estab lished  on 

th e  m idd le  terrace , slightly younger (Late Dryas-pre-Borea.1) -  on th e  upper and m ost 
young (B orea l-A tlan tic ) -  to  the lower terrace (fig.l).

Age lim its of radiocarbon dating  of the lacustrine carbonates-upper 10720T150 and 
lower 6640±120 years. T hus, the age interval includes about 4000 years. R adiocarbon d a t
ings of ca rbona te  tufas layers well correspond w ith variations of clim ate (S ubarc tic -A tlan tic), 
fixed by con ten t of oxygen isotope (180 )  in carbonates. T hus the isotopic com position con
firm s correctness of radiocarbon datings. Combined use of age and isotopic com position 
dete rm ina tions allows not only to  solve problems of chronology and palaeogeography bu t 
also gives th e  objective d a ta  for elucidation of lacustrine carbonates form ation.

R.atc of ca rb o n a te  sedim entation  in  Green Lakes (Zalieji ezerai), calculated  on basis 
of de te rm ina tion  of radiocarbon age data , has been alm ost th e  sam e during  th e  whole
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studied  tim e  interval, i.e., about 0.03-0.04 m m  per year. C ontent of stabile carbon isotope 
13C d is tinc tly  shows form ation and sources of carbonate sedim ent. D uring th e  Late G lacial 
the inw ashed allogenic carbonate has played a considerable p art, and during Holocene -  
th e  newly form ed, chemogenic.

T he spore-po llen  and diatom s analyses of the Kryziuociai lake has been carried ou t by 
M .K abailiené (1963). She. has determ ined by spore-pollen analyses da ta  th a t th e  beginning 
of ca rbona te  form ation as Alleroed too. According to these data , during the first half of 
A lleroed tim e, about 11000- 12000 years ago, a considerable shallowing of th e  lake has 
occurred. By the end of Alioroed tim e the lake has become deeper. Since th is tim e in the 
K ryziuociai lake the sedim entation of fresh w ater carbonate tu fa  has begun (the m iddle 
te rrace  - radiocarbon dates 11450±70 -  11030±150 years) (fig.l ). A t th e  end of Late Dryas 
-  beginning of pre-Boreal th e  carbonates, studied by us, have deposited on th e  upper 
terrace (radiocarbon dates 103204:110 -  8590±130 years). According to sedim entation 
d a ta  and  results of spore-pollen spectres and diatom s studies, during the pre-Boreal the 
lake has becom e shallow once more. To the end of th e  Boreal th e  w ater level has risen 
again, and the  accum ulation of fresh water carbonacte tu fa  has begun again. Since th a t 
tim e its  accum ulation  in the basin of Kryziuociai lake lasts with breaks of short duration  
up to  now.

On th e  lower terrace th e  dated by us carbonates have accum ulated during the A t
lantic period  . T he rise in tem pera tu re  during the Alleroed tim e  (26.7-27.2°/ou, ¿180 )  
and w arm  clim ate  during th e  A tlantic tim e (27.6-28.1 °/oo, Î 180 )  are well reflected by iso
topic oxygcne com position (Table 1.). The Upper Dryas m ore cool conditions are reflected 
by isotopic com position too (23.0-24.7u/oo , ¿ l80 ) . Thus, the coincidence of conclusions, 
draw n on th e  grounds of studies of radiocarbon age and isotopic composition and the 
d a ta  of spores-pollen  and diatom s analyses, is observed.

E arlier th e  pre-Boreal -  Boreal radiocarbon age (9950±140 -  8620±100) of carbona
ceous tuffs from th e  1-st and  2-nd terraces of the groove lake Vijkoksnis (G aigalas, 1974, 
G alciené, 1976) has been determ ined. J.G alciené (1976) has determ ined four stages of 
carbonates form ation in lakes of L ithuania. According to  her data , accum ulation of car
bonates in lakes has begun during the Alleroed tim e -  about 12000 -  10800 years ago. T he 
second stage has lasted during the Late Dryas and pre-Boreal period (10800 -  9000 years 
ago). T he  pure carbonate  tu fa , in her opinion, have deposited in all lakes during th e  th ird  
stage -  during th e  pre-Boreal and the Boreal periods (9000 -  7900 years ago). A pparently, 
th is stage coincides w ith m axim um  of carbonate form ation in lakes of L ithuania. T he  4th 
stage of carbonate  form ation is distinguished during the sub-Boreal period (4050 -  3250 
years ago).

T he lower lacustrine terraces, dated by radiocarbon m ethod, have arose, as a  resu lt of 
c lim atic  changes, rivers incisions and variation of w ater level, thus, some differences can 
be observed in different lakes.



126 A. Gaigalas, N. Kovalukh, A. Pazdur, M. F. Pazdur

Not less in teresting  and useful results have been obtained during studies of carbonate  
count in conglom craty, which enable to  explain precisely their genesis, which earlier has 
been considered as problem atic.

C onglom erates are found under feably perm eable varved clay, adhered to  its  floor 

(fig-2).
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Fig. 2. Sections of conglom erates w ith  results of investigations. Legend see under fig.l 

Rys. 2. Przekrój zlepieńców wraz z wynikami badań. O bjaśnienia jak  do rys. 1.

T hey  have been form ed in gravel layer. T he carbonacte m ateria l becomes younger and 
younger in  these conglom erates w ith dep th , i.e., th e  appropria ted  age inversion is ob

served. I t  confirm s, th a t g rou th  of conglom erates has occurred in to  dep th  by ra te  abou t 
0.4-0 .6  m m /y ea r. A pparently , during the Late Glacial accum ulation  of carbonaceous m a
terial has taken  place m ore rapidly  by 1.5-1.8 tim es, th a n  during th e  Holocene. Form ation 
of carbonates has occurred a t some depth from  surface, thus th e  tem p era tu re  conditions 
have been sim ular during th e  whole interval of tim e from  13480±70 to  7840±40 years, 
alm ost for a period of 6000 years. However, tem pera tu res of carbonates sedim entation  
have been slightly  higher during Holocene, th an  in Late G laciation. I3C con ten t shows 
th a t  th e  essen tia l p a r t of carbonates is inwashed allogenic, redposited from  varves clay.
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On th e  principle schem e (fig.3) the model of form ation process of pebbly conglom er
ates, cem ented by chemogenous sinters carbonates, is given.

jn

Fig. 3. Scheme of conglom erate form ation. Arrows shows the growth of conglom erate 
carbonates

Rys. 3. Schem at formacji zlepieńców. Strzałki wskazują kierunek w zrostu form acji zle
pieńców

Geological in te rp re ta tion  of analythical da ta , studies of radiocarbon age and isotopic 
com positions of carbonaceous deposits helps to  solve successfully problem s of chronol- 
ogy, tem p e ra tu re  conditions of sedim entation, genesis of th e  L ate  G lacial and  Holocene 
carbonacte  sedim ents and so on.



128 A. Gaigalas, N. Kovalukh, A. Pazdur, M. F. Pazdur

R e fer en ce s

B arto sh  T ., 1976, Geology and resources of Holocene fcshwatcr calcareous deposits. 
M iddle zone of the E uropean p a rt of the USSR. Riga: Z in-atne, p .259 (in  R ussian).

G aigalas A ., Banys J ., Galciené J ., K ib ildaZ ., 1974, R adiocarbon D atings in th e  Labo
ra to ry  of L ithuanian  Scientific-Research Geological Survey In s titu te  and Perspectives 
of T he ir E xtension. Questions of study of L ithuanian Q uaternary  deposits (T rans
actions, L ithuanian  Scientific-Research Geological Survey In s titu te , vol.27). Vilnius, 
M intis, p. 197 208 (in Russian).

G alciené J .,  1976, C-14 determ inations of the Carbonaceous tuffs of lake terraces 
(on th e  base of the Vilkoksnis lake). G eographia L ithuanica, V'ilnius, p. 279-282 (in 
R ussian).

Ja ro si-u té  J ., 1963, K urze Übersicht über die Verteilung der seesedim ente des 
R iesebassins. W issenschaftliche Berichte. Band XV. Limnologie und Telm atologie. Vil
n ius, p. 197-230 (in L ithuanian).

K abailiené M., 1963, Einige Kennzeichen des entwicklungsverlaufes der seen des 
R iesebassins. W issenschaftliche Berichte. Band XV. Limnologie und Telm atologie. Vil
nius, s. 277-294.

S tana itis  A ., 1963, Die Beckenterassen der Zaliejiseen und ih r Zusam m enhang mit. den 
Riese -  und Nerisflussterasscn. W issenschaftliche Berichte. B and XV. Lim nologie und 
T elm atologie, V ilnius, s. 29-43.

S tr e sz c z e n ie

W  rejonie W'ilan spotkać m ożna zróżnicowane genetycznie, rozproszone osady wę
glanowe. D atow aniom  radiowęglowym oraz pom iarom  składu izotopowego węgla i tlenu 
poddane zostały  dw a typy osadów: 1) m artw ice wapienne pow stle w środowisku sedy
m entacji lim niczncj, widoczne na terasach Zielonego Jeziora (Zaliei ezerai) - K riziuociai 
Lake oraz 2) węglany cem entujące zlepieńce w osadach trzeciej terasy, powyżej p łaszczy
zny powodziowej rzeki Neris (w m eandrze Lazdynai). W  wyniku dat,owa.ń radiowęglowych 
n a js ta rszy  wiek osadów jeziornych został uzyskany d la  osadów pochodzących z terasy 
środkowej, nieco m łodszy (Y D /P B ) - z górnej i najm łodszy (B O /A T ) - z te rasy  dolnej. 
W iek radiowęglowy wspomnianych osadów zaw iera się w przedziale od 10720±150 do
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6640±120 BP; obejm uje zatem  około 4000 la t. W iek poziomów m artw icow ych dobrze ko
responduje ze sprzyjającym i warunkami klimatycznymi ich sedym entacji, zapisanym i w 
składzie izotopowym  tlenu w osadzie. Szybkość sedym entacji węglanów z Zielonego Je 
ziora, oszacow ana n a  podstaw ie datow ań radiowęglowych posiada sta łą  w artość w całym  
okresie ich sedym entacji i wynosi ok. 0.03-0.04 m m  n a  rok. K oncentracja stabilnego izo
topu w ęgla l3C wskazuje na różne pochodzenie węgla w osadach, w różnych okresach ich 
formowania.

In teresujące wyniki uzyskane zostały również z badań wapiennych cem entów w zle
pieńcach znalezionych w terasie zreki Ncris. Zostały one uformowane w warstwie żwirów. 
Zaobserwowano inwersję wieków cementów -  w m iarę wzrostu głębokości pobranych pró
bek ich wiek s ta je  się młodszy. Potw ierdza to  fakt iż narastan ie  zlepieńców postępuje w 
głąb osadu , zaś szybkość ich narastan ia  wynosi około 0.4-0.6 m m  na rok. Sprzyjające wa
runki k lim atyczne form ow ania się osadu występowały w ciągu około 6000 la t w przedziale 
wieków od 13480±70 do 7840±40 lat BP.


